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Abstract 
The paper mainly deals with a water programming case to make sure that water resources can meet the use of China’s 
demand from the year 2013 to 2025. Firstly, based on the second exponential smoothing method, we find that the demand 
for freshwater is about 616.0 billion cubic meters, while the water resource is about 531.3 billion cubic meters for the year 
2013. Secondly, to calculate the water supply, we classify the water resource into 3 categories: surface water, underground 
water, and others, with different ratios for consumption. Thus, of all provinces, Guangdong and Jiangsu will suffer the 
water scarcity most when compared with the water demand. Last, we put forward a Water Resource Allocation Model 
(WRAM) aiming to minimize the cost of the water allocation problem, which is about3.57961 billon RMB in 2013 and 
3.5756 billion RMB in 2025. 
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1. Introduction 
As is known to us all, water is the lifeline for human beings. It is one of the most important physical 
resources for the survival anddevelopment of people. Along with the rapid development of society since the 
twentieth century, human demand for water is growing day by day, which is in stark contrast with the 
                                                          
 * Corresponding author. Tel.: +8613631412017; 
E-mail address: qushangweicq@163.com 
Available online at www.sciencedirect.com
© 2013 The Authors. Published by Elsevier B.V.
Selection and peer review under responsibility of Informati n Engineering Research Institute
ScienceDirect
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
225 Shangwei Qu et al. /  IERI Procedia  4 ( 2013 )  224 – 230 
increasingly serious water shortage and the continuous deterioration of the aquatic ecology. This phenomenon, 
unfortunately, seems even more serious in China, and has badly influenced the sustainable development of 
our country. 
So as to alleviate the water crisis and the frequent occurrence of drought, scientists and experts in related 
fields have long devoted themselves to correlative studies, and indeed yielded some heartening fruits. In 2007, 
Li Lei, Lu Fei and their colleagues applied the Winster Exponential Smoothing Method into the prediction of 
water resource, which brings a lot of convenience to the managers when making the plan for water 
allocation[1]. As for water diversion, ever since the South-to-North Water Diversion Project[2] was put into 
use, Wang Wei, Zhao Min, and their companies put forward a water supply costing model[3] based on the 
South-to-North Water Diversion Project in 2006; this model, to some extent, helps a lot with the water price 
formulation as it ensures the proper accounting of the cost of water supply for different departments. 
Meanwhile, seeing that China has such a long coastline, Gao Yanling and her companies just made analysis 
on the cost for seawater desalinization which contributes to the development of the desalinization 
technology[4]. What’s more, in 2002, Merabtene.T, along with his colleagues, established an integrated water 
resource management decision support system, and it was proved to work well once applied to evaluate the 
sensitivity of water resource in drought and assist policy makers to develop the optimal supply strategy[5]. 
Although there are many research results in this field at present, most of them didn’t pay enough attention 
to the balance of supply and demand, which, more or less, causes the waste of water. Worse still, the former 
researches didn’t involve global and forward-looking region water allocation problem and couldn’t work well 
when applied to practical engineering. Here, after summing up the experience and lessons of the previous, we 
put forward a water management allocation strategy based on efficient prediction and resource diversion, and 
perfectly reflect the concept of supply-demand balance and ecological protection. 
2. The water resource prediction model 
By analyzing the data from the Chinese Year Book and predicting it through different algorithms such as 
Grey Prediction, the Artificial Neural Network and the Second Exponential Smoothing Method, we finally 
find that the optimal prediction model is the Second Exponential Smoothing method[6]. The main 
computational formulas are defined as follows: 
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What the predicted value on year t T  is t TF  ; what the first smooth value of the index is
1
tS ; what the 
second smooth value of the index is 2tS ; what the current time is t ; what the weighting coefficient isD .  
As is known to us all, the geography in each region is quite variable. Thus, we assign different D for 
different areas within the general principle, based on which we successfully predicate the value of total water 
resource and consumption in each province; partial results are shown below. 
Table 1. the water resource and consumption of year 2013 in some provinces 
year 2013 Beijing Tianjin Hebei Shanxi Inner Mongolia 
resource 9 3(10 )m  14.64408 16.62184 76.82874 49.1919 153.9575 
consumption 9 3(10 )m  35.5385 22.9923 193.1759 62.5332 184.591 
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3. The water resource classification model  
In order to locate the provinces with water shortage, it’s necessary to figure out the specific volume of 
water that people can get from the nature, which is marked by is . Typically, the total fresh water resource iS  
consists of two parts; the surface water takes over 92% of all while the underground water makes up the rest 
according to some related documents[7]. Moreover, as the surface water mainly depends on the annual 
runoff kR  of river basins k , the total water resource is greatly determined by kR  as well. The figure below 
shows the relationship between the two variables. 
 
 
Fig. 1. the relationship between the runoff and water resource in some provinces 
Furthermore, to establish relationships from kR  to province i , we take the weighting method into 
consideration. That is, 
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Given that, the volume of the surface water fiS  in province i  is defined as the summation of the product of 
runoff kR  and its weight coefficient. 
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Generally, fiS  is not the actual value of the water we can get from nature at last; it’s divided into two parts: 
one for inner use of the river(UIR) and the other for outer use(UOR)[8]. More often, the UIR part is used for 
the power plant and water transportation as well as ecological environment protection, and certainly it can’t 
be exploited. The left UOR part is just the source of water used for agriculture, industry, etc. Here, we 
introduce 0.7fiD   to mark the proportion of UIR out of consideration of the sound operation of the whole 
system. Similarly, we assign 0.7uiE   as the proportion of the water for ecological use in the allocation of 
underground water. All in all, the final value of water is that we can exploit can be figured out as follows.  
(1 ) ( )(1 )i fi fi i fi uis S S SD E                                                           ń 
The structure chart below may help you understand our model better.  
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Fig. 2. the structure chart of water resource classification 
4. The water resource allocation model (WRAM)  
In this part, our general objective is to minimize the total cost of water resource allocation. We divide our 
model into 5 steps. 
z Step1 Find the cities suffering the water shortage. 
 Once the volumes of the water consumption iQ and water supply is  are given, we introduce variable iG  , 
which is the quotient of i iQ s and iQ , not only to distinguish provinces with limited water and the ones with 
rich water, but also to depict the degree of shortage. 
Furthermore, if iG  is a negative value, it means this province suffers the water scarcity. And the smaller 
iG is, the more the province suffers. Conversely, if iG  is positive, it indicates that there is no water scarcity in 
province i . 
z Step 2 Classify provinces into coastal and non-coastal ones 
According to the location of each province, we tend to classify provinces into coastal and non-coastal ones. 
Here, coastal provinces include those with the salt water lakes in them or sea nearby. Otherwise, they are non-
costal provinces. We can employ a criterion iT   to distinguish them, which means, once province i  is a costal 
province, 1iT  , otherwise, 0iT  . 
z Step 3 Calculate the distance between two provinces 
Given the latitudes and longitudes of all provinces, the cords of them can be described as˖ 
( cos cos , sin cos , sin )i i i i iR x y R x y R y  
Where, R  represents the radius of the Earth. 
On the basis of dot product formula and Arc length formula, the distance between i  and j  in simple form 
is formulated as:  
arccos[cos( )cos cos sin sin ]ij i j i j i jd R x x y y y y                                             Ņ 
z Step 4 Determine the maximal distance  
Known that the unit cost of the water transfer 1p and the unit cost of the desalinization 2p are different from 
each other, besides, the cost of the water transfer increases as the distance gets longer. Hence, there exists a 
point where 2p is equal to the cost of the water transfer. That is, 1 max 2p d p . We assume that 1p is about 
0.025RMB per cubic meters per KM and 2p is about 0.1RMB per cubic meters. Thus, maxd is about 40KM. 
z Step 5 Put forward a Water Resource Allocation Model (WRAM) 
First, we take the provinces marked with 0iT  into consideration as the water diversion is the only way to 
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relieve their water shortage. Besides, for those provinces, iG is another criterion that we shall consider about, 
and the smaller iG is, the higher priority this province has.  
After meeting all the provinces with 0iT  , we shall consider about the provinces marked with 1iT  . As 
for them, due to the objective of minimizing cost, their choices between water diversion and desalinization are 
based on the maximal distance maxd . That is, if maxijd d , this province would better choose the water 
diversion to relieve the supply shortage; otherwise, it shall choose the desalinization for money saving. 
At last, we can ensure that the cost of province is minimal. Furthermore, the total cost C is the smallest.  
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The figure below presents the holistic progress briefly. 
 
Fig. 3. the flow chart of WARM 
Based on the algorithm above, the result indicates that 12 provinces including Guangdong and Jiangsu will 
suffer the water deficit in 2013, as the data shows in the following table. 
Table 2. the supply and the demand of the water in 12 provinces of year 2013 
provinces Beijing  Tianjin Shanghai Shanxi Inner Mongolia 
consumption 9 3(10 )m  35.5385 22.9923 127.6357 62.5332 184.591 
supply 9 3(10 )m  14.64408 6.62184 22.08552 49.1919 153.9575 
shortage 9 3(10 )m  20.89422 16.37046 105.55018 13.3413 30.6335 
Take Beijing and Shanghai as examples. Since there is no sea or salt water lake in Beijing, diverting water 
from other provinces is the only way to settle the problem. Considering about the distance, Liaoning province 
is finally chosen as the best place to provide water for Beijing as there’s sufficient water in Liaoning for 
diversion. Finally, the cost of water diversion for Beijing is about 960 million RMB in all. On the contrary, 
Shanghai, with the water scarcity about 105.55 billion cubic meters, is a coastal city. Thus, water 
desalinization shall be taken into consideration in the first place. Consequently, the whole cost of the water 
desalinization in Shanghai is about 528 million RMB.  
Summing up all the cost of water allocation in each province, we get a reasonable result that only costs 
3.57961 billion RMB for both water diversion and seawater desalinization in the year of 2013. The table 
below shows the detailed water allocation plan in the model. 
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Table 3. the strategy of the water diversion 
provinces with 
water deficit 
provinces with water 
supply 
The volume of water 
diversion 9 3(10 )m  
cost
9(10 )RMB  
Ningxia Qinghai 66.66 0.962 
Beijing  Liaoning 20.894 0.408 
Shanxi Shaanxi 13.341 0.211 
Henan Shaanxi 45.237 0.634 
Inner Mongolia Shaanxi 30.633 0.715 
Table 4. the strategy of desalinization 
Provinces with water deficit the volume of water desalinization 9 3(10 )m  cost 9(10 )RMB  
Shanghai 105.55 5.28 
Tianjin 16.37 0.819 
Jiangsu 352.909 17.645 
Hebei 116.347 5.817 
Shandong 64.456 3.223 
5. Conclusions 
Water, the source of life, is of great importance for human beings. However, due to the high-speed 
development of the human society, the contradiction between the limited water resource and the growing 
needs of human has already come to a severe point. Water scarcity occurs frequently in the world, and China 
is of no exception. The plan brought up in our model is of high economic efficiency and works well in the 
water allocation. However, based on the immediate and long-term consideration, the government had better 
make a sound development strategy, build up water conservancy projects as well as vigorously promote 
water-saving concept. What’s more, looking for new water sources and making innovation in water-saving 
product may also help. We firmly believe that with the effort of people all over the world, we can overcome 
the water crisis successfully in the near future.  
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